Identification of Pratylenchus penetrans (COBB) by PCR Using ITS-Based Species-Specific Primers
Taketo UEHARA1, Takayuki MIZUKUBO2, Atsuhiko KUSHIDA1 and Yoji MOMOTAI For identifying Pratylencus penetrans, species-specific primers (PP1 and PP2) were developed, based on the sequences of the interscribed spacer regions (ITS1 and primary damage is a death of plant root cells around the nematodes, leading to a local lesion formation. Stunting, chlorosis, root pruning, and sparseness are successive symptoms (12). For a successful management of nematode pests, a rapid and reliable identification of the causal species is critically important.
Although a nematode identification is primarily based on morphological characteristics, it is difficult even for taxonomists due to variations in diagnostic features.
Isozyme analysis has been used to distinguish some Pratylenchus species (11), but it requires a large amount of nematode homogenate. Therefore, it is not suitable for nematode identification at organismic level. Using species-specific DNA probes, dot-blot analysis has been used to identify such nematodes as Globodera (2), Meloidogyne (1, 16) and Bursaphelenchus, but it is timeconsuming and requires radioactive detection facilities.
The development of polymerase chain reaction (PCR) technology opened a way to a plant pathogen diagnosis (8). In this paper, we report newly developed P. penetrans-specific primers which based on the internal transcribed spacer (ITS) regions of the rDNA. ITS1 and ITS2 sequences of P. penetrans, respectively. These primers had 50% or higher GC content and lacked in an obvious secondary structure. The PP1 sequence was 5'-ATGATG-GAAGTGTCCGCCT-3' and the PP2 was 5'-CCCAACGACGGTCAAAAGG-3'. These primers did not amplify any purified genomic DNA from P. coffeae, P. vulnus, P. loosi, P. crenatus, P.
brachyurus and P. zeae, but did a 462 bp fragment from the purified genomic DNA of the seven tested isolates of P. penetrans (Fig. 2D ). Essentially the same result was obtained when the crude lysates of these Pratylenchus species were used as DNA templates. The primers, PP1 and PP2, amplified the 462 bp fragment too from a single individuals of the second-and fourth-stage juveniles and of male and female adults of P. penetrans (Fig. 3) .
DISCUSSION
In the genus Pratylenchus, P. penetrans is one of the best known species which distributes widely (5, 13) and damages a wide variety of crops. For a successful crop management, accurate identification of P. penetrans is critically important. The morphological characteristics, which are used to separate P. penetrans from other species in the same genus, are variable even in a population originating from a single gravid female (22) . In order to identify P. penetrans, we developed a simple and efficient method which was realized by the use of the species-specific two primers for PCR. Eukaryotic ribosomal DNA contains two internal transcribed spacers (ITS1 and ITS2) which separate the three mature rRNA sequences (5.8S, 18S, and 26S). Sequence analyses of rDNA from diverse organisms revealed highly conserved sequences in the rRNA genes and highly variable ones in the ITS (9). In fact, the sequences of the rRNA and of the ITS of P. penetrans were similar to and considerably different from those of the other Pratylenchus species, respectively (6). Consequently, our ITS sequence-based primers for PCR amplified the P. penetransspecific fragments.
Restriction pattern of the amplified ITS regions have been compared to discriminate nematode species (10, 14, 20, 23, 24, 26) . However, restrictive digestion of the amplified products is too laborious. Contrarily, the method we developed is simple and easy, since agarose gel electrophoresis alone is required after PCR. Recently a random amplifiedpolymorphic DNA (RAPD) analysis has been employed to discriminate nematode species (4, 25), but its reproducibility is a subject of discussion. Many researchers are seeking for species-specific probes which yield reliable results. The method we developed in the present study is easy and reliable for the identification of P. penetrans juveniles and adults at organismic level. 
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